Bakers' yeast oxidizes acetate at a high rate only after an adaptation period during which the capacity of the glyoxylate cycle is found to increase. There was apparently no necessity for the activity of acetyl-coenzyme A synthetase, the capacity of the tricarboxylic acid cycle, or the concentrations of the cytochromes to increase for this adaptation to occur. Elevation of fructose 1,6 diphosphatase occurred only when acetate oxidation was nearly maximal. Cycloheximide almost completely inhibited adaptation as well as increases in the activities of isocitrate lyase and aconitate hydratase, the only enzymes assayed. p-Fluorophenylalanine was partially effective and chloramphenicol did not inhibit at all. The presence of ammonium, which considerably delayed adaptation of the yeast to acetate oxidation, inhibited the increases in the activities of the glyoxylate cycle enzymes to different degrees, demonstrating noncoordinate control of these enzymes. Under the various conditions, the only enzyme activity increase consistently related to the rising oxygen uptake rate was that of isocitrate lyase which apparently limited the activity of the cycle.
It has often been reported that yeast does not oxidize acetate maximally without prior adaptation. Lynen (23) found that many substrates, when added in small concentrations along with acetate to starved yeast suspensions, considerably shortened the adaptation period. He concluded that they did so by providing energy necessary for the condensation of acetate and oxaloacetate or by providing oxaloacetate. Eaton and Klein (10) found that Saccharomyces cerevisiae grown aerobically with glucose could not oxidize acetate or ethanol during the lag phase of growth but could readily do so during the stationary phase. The activities of some tricarboxylic acid cycle enzymes were much greater in the stationaryphase yeast. This development of acetate oxidative ability after glucose exhaustion was later reported to be associated with the appearance of mitochondria in the yeast, as shown in photomicrographs (27) .
The glyoxylate bypass or cycle was described by Kornberg and Krebs (20) , who proposed that it was responsible for the formation of C4 dicarboxylic acids during the growth of microorganisms on acetate. Polakis and Bartley (26) In fatty seedlings, the glyoxylate cycle was found (4) to be located in the glyoxysomes, which resemble peroxisomes (25) , and a number of these enzymes are also peroxisomal in the protozoan, Tetrahymena pyriformis (25) . Though Avers and Federman (2) reported the existance of peroxisomes in aerobically grown yeast, Duntze et In experiments with chloramphenicol, p-fluorophenylalanine, and cycloheximide, these compounds were dissolved in the buffered yeast suspension for 30 min before the addition of acetate.
Protein was estimated by an automated procedure (22) or by the biuret method (21) . Bovine serum albumin (Nutritional Biochemicals Corp., Cleveland, Ohio) was used as standard.
Enzyme assays. The following assays were performed by methods used and described by other workers: acetyl-coenzyme A(acetyl-CoA) synthetase, EC 6.2.1.1 (18) ; aconitate hydratase and fumarate hydratase (28); malate synthase (7); nicotinamide adenine dinucleotide phosphate (NADP)-linked isocitrate dehydrogenase, EC 1.1.1.42 (I1); citrate synthase (I 1).
To measure isocitrate lyase, a variation of the method of Dixon and Kornberg (7) was used. Cell extract was added to 100 umoles of imidazole-hydrochloride buffer (pH 6.6), 20 umoles of MgC92, 2 ALmoles of ethylenediaminetetraacetic acid (EDTA), 10 umoles phenylhydrazine-hydrochloride, and 5 Mmoles of DL-isocitrate in a total volume of 2.5 ml. The reaction was started by addition of isocitrate, and the formation of phenylhydrazone was followed spectrophotometrically at 232 nm.
Malate dehydrogenase was assayed by following the decrease in optical density at 340 nm caused by the formation of nicotinamide adenine dinucleotide (NAD) from reduced NAD (NADH). The assay mixture consisted of 200 Amoles of triethanolamine-hydrochloride (pH 7.5), 0.3 imole of NADH, and 9 timoles of oxaloacetate, in a final volume of 3.0 ml.
Succinate dehydrogenase (EC 1.3.99.1) was assayed as succinate tetrazolium-oxidoreductase by using a continuous assay. The increase in the optical density at 490 nm caused by the succinate-dependant reductive formation of formazan from p-iodonitrotetrazolium violet was followed, and an increment in the optical density iLmoles of EDTA, 150 umoles of sucrose, 75 gmoles of succinate, and 0. 1% p-iodonitrotetrazolium. The recorded specific activities were low, possibly because of a partial loss of activity during disruption of the yeast (9) , but the variations in its activity under particular conditions were reproducible.
NAD-linked isocitrate dehydrogenase (EC 1. The continuous enzyme assays were carried out semiautomatically by using a Unicam SP 800 recording spectrophotometer fitted with an automatic cell changer, or manually by using a Beckman DU spectrophotometer. All the enzyme assays were performed at 25 C, except that of acetyl-CoA synthetase, which was performed at 37 C.
Most of the biochemicals used were purchased from Sigma Chemical Co. Glucose-6-phosphate dehydrogenase, phosphohexose isomerase, NADP, and adenosine monophosphate were obtained from C. F. Boehringer and Sohne (Mannheim, Germany). Acetyl-CoA was obtained from P-L Biochemicals, Inc., Milwaukee, Wis.
RESULTS
Glucose and ethanol are readily oxidized by the bakers' yeast used in this study, but with 9 mm acetate at pH 7.5 on adaptation period of about 60 min was required before a maximal rate of oxidation was attained (Fig. 1) . Starvation of the yeast by prior oxygenation for 16 hr extended this adaptation period to 2 hr without affecting the final rate. The oxidation of glucose and ethanol was not affected by this treatment.
Adaptation to acetate oxidation and changes in the activities of relevant enzymes. The first step in the utilization of acetate is its condensation with CoA catalyzed by acetyl-CoA synthetase; therefore the possible involvement of this enzyme was investigated. In Fig. 2 (Fig. 3) . Activities of citrate synthase and aconitate hydratase but not of fumarate hydratase and succinate dehydrogenase increased during the increasing acetate oxidation rate (Fig. 4) . The activities of NAD-and NADP-linked isocitrate dehydrogenases (not shown) were found to decrease slowly when the yeast was incubated with acetate at pH 7.5.
Fructose diphosphatase is necessary for gluconeogenesis from acetate, and its activity was therefore measured in yeast as it adapted to acetate oxidation. Its activity did indeed increase during adaptation, but there was invariably a delay, relative to the glyoxylate cycle activities, before the rate of increase became large (Fig. 3  and 4) .
Effects of ammonium of adaptation to acetate oxidation and the activities of various enzymes. When ammonium is added to starved yeast, the induction of a-glucosidase (EC 3.2.1.20) by maltose is accelerated due to expansion of the amino acid pool (15) . However, when ammonium was added to incubation medium along with acetate, the adaptation to acetate oxidation was greatly delayed in either starved or unstarved yeast. In yeast starved for 6 hr, the time before maximal oxidation was achieved was extended from 90 min (Fig. 4) to 190 min ( Fig. 5 ) with I mM ammonium chloride. Although aconitate hydratase increased slightly towards the end of acetate adaptation (Fig. 5) , the increase in the acetate oxidation rate was now dissociated from any increase in the activities of fumarate hydratase (Fig. 5) , malate synthase, and malate dehydrogenase (Fig. 6) .
In contrast, the activity of citrate synthase was not much affected by the presence of ammonium (compare Fig. 4 with Fig. 5 and 6 ), whereas the rise in activity of isocitrate lyase was closely associated with the increase in the acetate oxidation rate in the presence as well as in the absence of ammonium (Fig. 4 and 5) . Increase in the activity of fructose diphosphatase was also delayed and the activity of succinate dehydrogenase increased slightly when ammonium was added (Fig. 5) .
Effects of inhibitors of protein synthesis on adaptation to acetate. To determine whether de novo protein synthesis or activation of existing enzyme molecules was responsible for the increasing oxygen uptake, several well-characterized inhibitors were used. Cycloheximide inhibits yeast cytoplasmic protein synthesis (5), chloramphenicol inhibits mitochondrial protein synthesis but does not affect the growth of yeast unless respiratory adaptation is necessary (5) , and pfluorophenylalanine replaces phenylalanine in proteins (17) . The effects of these three agents on the adaptation of the yeast to acetate oxidation and on the increases in activities of two enzymes were examined (Fig. 7) . Cycloheximide at a concentration of I qsg/ml (3.7 ,uM) succinate dehydrogenase increased to a greater extent at pH 4.5 than at pH 7.5, the experiments of Fig. 2 increases, including those characteristic of cytochrome c (Fig. 8A) . With yeast previously starved for 6 hr, adaptation in the presence and absence of chloramphenicol had no detectable effect on the height of any of the cytochrome peaks (Fig. 8B) Barnett and Kornberg (3) and is supported by the fact that the specific activity of isocitrate lyase is much lower than those of the other glyoxylate cycle enzymes.
The mechanism by which ammonium delays the increases in enzyme increases is not known, but it is probably related to its effect in inhibiting sporogenesis of yeast (24) , since only yeast adapted to acetate oxidation forms spores (6) . Ammonium has been found to stimulate the activity of phosphofructokinase (E.C. 2.7.11; see reference 1) and, as a consequence, glycolysis. Alternatively, incorporation of ammonium into glutamate, which is catalyzed by the NADPlinked glutamate dehydrogenase, may stimulate the direct oxidative pathway of the yeast (16 
